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Introduction
Hanesenie periodic protrusions on the wall surfaces is washed well tested in practice, the heat transfer intensification method vortex.
1,2 Intensification of heat transfer for flow conditions coolants in the tubes with turbulators held and carried mainly by experimental methods 1,2 and theoretical studies rather scarce, many of them are based on integral approaches. [3] [4] [5] [6] [7] At the present stage of research tasks aerodynamics and thermo vouchers and eddy currents are increasingly hesitant multiblock methods of computing technologies based on intersecting structured grids. [8] [9] [10] [11] [12] The relevance of the problem caused by the use of heat transfer fluids in various fields of technology in the form of liquid metals. Their use is advantageous in those cases where the required intensive heat transfer from the heated surface, and also in cases provide a high coolant temperature at low pressures. Cooling liquid coolants in metal form combines advantages of gas and liquid cooling. The most suitable heat transfer fluids of this type are the alkali and heavy metals and their alloys. Physical properties of liquid metal are substantially different from those of conventional coolants -gases, water, oil and other liquid metals have greater thermal conductivity coefficient. value lower than the heat capacity; particularly low value of the Prandtl number (Pr=0.005÷0.05). Low values of the Prandtl number Pr explained by a higher coefficient of thermal conductivity, for example, at temperatures (100÷700)°C thermal conductivity coefficient λ sodium Na coctavlyaet order (86÷59) watt/(m·K), and for potassium K-of the order of (46÷28) watt/(m·TO). This study is a logical extension of the above methods for computing [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] for the analysis of turbulent flow and heat transfer tubes in the U-shaped flow turbulators (diaphragms) with different relative heights steps for different modes of coolant flow with for a more detailed analysis of the enhancement of heat transfer to heat transfer with small Prandtl numbers specific to liquid metals. Previously, this aspect is practically not been studied.
Mathematical and discrete models
In this paper, using a fully implicit finite difference schemes centered on irregular oblique grid, a system of Reynolds equations and the energy stored in natural variables. To calculate the pressure field is used SIMPLEC procedure; there is the principle of splitting into physical processes. Approximation convective terms is performed using a quadratic, counterflow scheme. Difference equations are solved using the method of highly incomplete matrix factorization at accelerated convergence method using an additive correction. Multiblock algorithm for solving the problem on a different scale intersecting grids, approved in solving the problems of vortex dynamics and heat transfer, 8 is used for the correct description of turbulent heat exchange. With zonal Low-Menter model 12 is implemented description turbulent transport. The study looked Channels constant cylindrical cross-section with walls arranged at eight turbulators in the form of periodic apertures semicircular cross section. Parameters varied in the following range: d/D=0,95÷0.92; t/ D=0,251, where t-pitch of the vortex; d-diameter of the diaphragm; D-the diameter of the pipe; Re=10
When the calculation it is assumed that when the number concerned vortex turbulent flow becomes steady. In the main part of the study the heat transfer calculation was performed under the boundary condition on the wall of the first kind with Pr=Prandtl number Pr=1 and 0.05 in order to establish patterns of change in the intensification of heat transfer for liquid metal coolant with respect to gas unit Prandtl number. At a preliminary stage of the study carried modification versatile computing complex numerical modeling spatial separated flows and vortex heat exchange in order to adapt and clarify the mathematical model of flow and vortex heat transfer in channels with turbulators on the assumption of occurrence of spatial vortex structures responsible for vortex intensified heat transfer processes in the nearwall areas of tube with turbulence. In order to address the problem of intensified heat exchange the calculated three-dimensional grid is built the same way: designed a two-dimensional grid in the axial and radial coordinates, unfolds circumferential coordinate with a constant pitch. In order to achieve the required resolution in the vicinity of the obstacle we used two-dimensional grid in the form of a multi-tiered structured grids, and the obstacle described in the most detailed grid with the highest spatial resolution. Detailed mesh was inserted into a coarser mesh, with which the described flow in the near wake the obstacles, and the transition region from the wall to the axis is also performed using the intermediate grid, the purpose of which -increase the longitudinal spacing of the grid in the vicinity of obstacles and changes the resolution of the circumferential coordinate.
Later we will not go into details directly modeling aspects of numerical calculations of this technique, as they were described in detail in. Another confirmation of the obtained calculated numerical data dependencies are analytical solutions for intensified heat transfer obtained by a modified four-layer model of the turbulent boundary layer.
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Figure 1 A pipe grid consisting of several sections with a semicircular turbulizers located in the middle, an inlet and an exit smooth section.
Data for the baseline calculations
In the input section of the considered portion of the pipe considered uniform flow with a thin boundary layer permitting variation; turbulence parameters correspond to experimental tests in the pipe, assuming scale turbulence pipe diameter of the order of which is selected as the characteristic size and the degree of turbulence is taken equal to one and a half percent. At the outlet section under consideration tube portion are made "soft" boundary conditions, otherwise known conditions continue solutions for which the characteristic parameter is extrapolated area calculation. On washed coolant pipe wall, considered under the boundary conditions of the first kind of isothermal and having a higher or lower for a certain number of degrees in relation to the temperature of the incoming flow temperature, there are no-slip condition. For the chosen geometry of the channel, each individual task of several sections solved two stages: first dynamic problem is solved, then the pre-calculated for the fields constituting the flow velocity and turbulence characteristics thermal problem is solved for various Prandtl numbers. The criteria for dynamic convergence constraint problem are determined by calculating the Cartesian velocity error components and for thermal problem-limiting the increment of heat fluxes on the walls; In this work the value of 0.0001 was adopted for the relative error.
As averaging in direct heat exchange with circular tubes are periodically disposed surface turbulence flow of semi-circular cross-section at turbulent flow of molten metals in various geometrical and operational parameters coefficient of resistance ξ as averaging and the Nusselt number Nu of semicircular pipes with turbulators in turbulent convective heat transfer for the liquid metal in this work were determined by the calculation method based on a numerical solution of the Reynolds equations closable via shear stresses Menter transfer model, and the energy equation for multiscale intersecting structured grids. Adequacy of the applied method is based on the fact that in comparison to previously 4, [14] [15] [16] [17] [18] [19] [21] [22] [23] were used similar to the experimental data on the heat transfer and hydraulic resistance for tubes with turbulators or semicircular apertures for the flow of air, which took place A good correlation between theory and experiment. Identified in the previous author's theoretical work 4, [14] [15] [16] [17] [18] [19] [21] [22] [23] value to the experimental data of sales calculation model for local and as averaging the flow characteristics and heat transfer tubes with turbulators causes its application for the purpose of identifying patterns integral (as averaging) of heat exchange tubes in the parameters for the flow of liquid metal with small Prandtl number, depending on the geometry of the channel and the coolant flow regime. In this study, we consider only the most common turbulators semicircular cross section, typical of pipes with diaphragms.
This issue is important because it is necessary to know the level of enhancement of heat transfer-the parameter Nu/NuGL (NuGLNusselt number for smooth pipes)-zhidkometellicheskih for coolants, depending on the defining parameters. The classic books on heat exchange intensification 1, 2 indicates that the relative experimental data on heat transfer enhancement in the flow of liquid metals do not have enough information, but the authors 1,2 have every reason to believe that the artificial turbulence in the liquid metal flows (Pr<<1) should have a very low efficiency. Calculation intensified heat exchange on the surround to factor control method performed for the most typical of the geometrical and operational characteristics for tubes with For index difference in the levels of enhancement of heat transfer between the liquid metal coolant and gaseous heat carrier is introduced the following set (parameters Pr=0.05 andPr=1 characterized for the largest values Prandtl numbers for gases (polyhydric), and liquid metals (e.g. lithium): (1) This complex allows to detect minesimalnoe discrepancy between the levels for the enhancement of heat transfer tubes with turbulators using gaseous or liquid metal coolants. Table 1 . Analysis of the data given in Table 1 ) decrease in enhancement of heat transfer for liquid metal by relative to gas under otherwise equal conditions may be more than one third (maximum reduction of (35÷40)%); increase above parameters generally leads to a decrease differences between the levels of enhancement of heat transfer between the gas and liquid metal. Therefore, the larger passage with turbulators will be different from the smooth, i.e. with increasing height baffle and reducing the pitch between them, the usually usedólshim will decrease heat transfer enhancement for liquid metal with respect to gas. This is followed to analyze the dependence (with respect to gaseous coolants ceteris paribus) level of heat transfer enhancement for the liquid metal on the following parameters: the height turbulizer 
Nu
As seen from Table 1 , in some cases, it occurs when the complex, however, exceeding the level of intensification of liquid metal coolant of the gas is very small, so we can assume that for some cases the level of intensification of the liquid metal tends to gaseous coolants. ) for the liquid metal with respect to the gaseous ceteris paribus conditions may amount to more than a third; increase above parameters generally leads to a decrease differences between the levels of enhancement of heat transfer between the gas and liquid metal.
4. The data obtained by Intensified heat exchange tubes with turbulators in the turbulent flow reduction prove in terms of heat transfer enhancement ceteris paribus liquid metal with respect to the gas that was previously assumed in the classic papers on the enhancement of heat transfer.
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5. The results obtained in the theoretical data Intensified heat transfer for liquid metals deterministic patterns relative heat exchange in a wide range of characteristic parameters, which does not yet exist experimental material.
